Bulk graphite & monolayer graphene on SiO 2 /Si
shows electron backscattering diffraction patterns (EBSP) for highly oriented pyrolytic graphite (HOPG) and natural graphite (NATG), where each color (gray scale) indicates the crystallographic orientation of grains. The grain size of HOPG was ~10 μm, while it was ~700 μm for NATG. Moreover, HOPG and NATG were annealed in air at 650 °C for 30 min to identify the etch pit density (EPD).
AFM revealed that EPDs for both HOPG and NATG were ~3×10 7 cm -2 , which was considerably larger than Si (~0 cm -2 ) and GaAs (10 3~1 0 4 cm -2 ). Although this does not straightforwardly indicate that graphene transferred on SiO 2 /Si substrate includes such a high EPD, the improvement of bulk graphite crystallinity will be critical for larger area graphene application. From these results, NATG is more relevant to obtain graphene larger than 10 μm, since the macroscopic crystallinity is roughly the same.
It has been empirically known that a monolayer graphene can be identified only on 300nm SiO 2 /Si substrate [1] . Recently, it has been revealed that graphene can be identified by the contrast in the reflected light intensity explained by Fresnel's equation [6, 7] . Figure 3(a) shows the optical micrograph of monolayer graphene observed on 96-nm thick SiO 2 /Si substrate. Although the thickness of graphite thin films can be measured by AFM, it always includes a dead space between SiO 2 substrate and graphite thin film, typically ~0.5 nm. Figure  3(b) compares 488-nm Raman spectra of D* band for monolayer, bilayer and HOPG, respectively. The difference between monolayer and bi-layer cannot be distinguished by the thickness determined by AFM due to a difficulty of the tilt correction in AFM and the uncertainty of the dead space. On the other hand, the Raman spectrum of monolayer graphene is clearly shifted to a lower wavenumber and is a powerful tool to identify the number of layers.
Device fabrication
Graphite thin films were transferred on 96 nm SiO 2 /p + -Si substrates by the micromechanical cleavage of bulk NATG. Typical thickness was 0.8~3 nm. Electron-beam (EB) lithography was utilized on a poly(methyl methacrylate) (PMMA) resist in order to pattern electrical contacts on graphite thin films. The thermal evaporation of Cr/Au (5/25 nm) was followed by lift-off in warm acetone. Figure 4 shows (a) a schematic and (b and c) micrographs of fabricated FET devices. 
Electrical transport properties in graphene FET
It is known that carbon nanotube intrinsically holds contact problem, where typical two-terminal resistance is ~10 Figure 5(a) shows the drain current I D as a function of a back-gate bias V G applied to the silicon substrate. A constant source-drain voltage of V SD =10 mV was applied. The thickness of this graphite thin film was 2.8 nm. Ambipolar behavior is clearly observed. The Dirac point is shifted to the positive. This suggests that there exist charged impurities, which are generally considered to be water and/or resist residues. In order to clean the graphite thin film, ultrahigh current density was flown between source and drain in vacuum in order to remove charged impurities (current cleaning) [9] . Figure 5(b) shows the I D at V SD =4.2 V with the time. Initially, I D increases rapidly due to the improvement of contacts between electrodes and graphite thin film, and then monotonically decreases. I D -V G curves are compared for FET devices before and after the current cleaning in vacuum. It is evident that the Dirac point returns to V G =0, which indicates that water and/or resist residues strongly act as hole dopants. However, the mobility is not improved even after the current cleaning. This is consistent with the results by Schedin et al. [10] , while it disagrees with others [11] . The mobility in our devices is ~1600 cm 2 /Vs, which is not so high compared with recorded values. The optimization of the device fabrication process will be needed to eliminate dominant scattering sources.
Conclusions
For transconductance enhancement, the thickness of SiO 2 was reduced to 90 nm by considering the contrast in the reflected light intensity. Using SiO 2 of reduced thickness, graphene FET devices were fabricated by standard EB lithography technology. Typical ambipolar behavior was observed. Although the mobility was ~1600 cm 2 /Vs, the Dirac point was able to be moved back to the ideal position by the current cleaning. 
